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THE COMPARATIVE BIOCHEMISTRY
OF PITUITARY GROWTH HORMONE
The Seventh Edsel B. Ford Lecture
ALFRED E . W I L H E L M I , PhD.*

An association of the pituitary gland with growth was first made nearly 100
years ago by clinicians and pathologists who noted the frequent coincidence of
abnormality or pathological change in the pituitary with disturbances of growth such
as dwarfism, gigantism and acromegaly. The accumulation of such observations in
the latter decades of the nineteenth century provided a strong motive for experimental
study of the pituitary, but the earliest attempts were discouragingly unsuccessful. The
opening of the proper experimental phase of study of the pituitary may be said to
have taken place in the years 1906-1909, during which Bernhard Aschner, using for
the first time the now common parapharyngeal approach, performed the first successful
hypophysectomies in dogs and demonstrated many of the sequelae of this operation,
particularly the failure of young operated animals to grow and to come to sexual
maturity^ Aschner's classical and beautiful work was almost immediately followed
(and regrettably overshadowed) by the similar work of Cushing and his associates^
who confirmed Aschner's findings and added to them. A tremendous impetus to
work in this field was provided by the demonstration, by P. E. Smith, of successful
hypophysectomy, first in cold-blooded animals and then in a common laboratory
animal, the rat^'''. This period also marked the beginning of the contributions of
B. A. Houssay to the study of hypophysectomized animals.
The chemical phase of work on the problem of the pituitary and growth began
with the work of Evans and Long', who showed that the injection of crude alkaline
extracts of anterior pituitary glands into intact "plateaued" female rats could bring
about a sustained resumption of growth. The question of the existence of a growthpromoting principle of the pituitary was thereby raised, but by no means resolved.
It was already known that in the absence of the pituitary in young animals growth
ceased, but there occurred at the same time a severe regression of the thyroid gland
and of the adrenal cortices, and the primary and secondary sexual organs remained
immature and non-functional. It could therefore be argued that the complex process
of growth might require a balanced contribution by all these important organs,
dormant after hypophysectomy, and that there may be no need for a separate
growth-promoting hormone.
It was not until 1944, after some 20 years of painstaking work, that L i , Simpson
and Evans' described the preparation, from bovine anterior pituitary glands, of a
highly purified protein hormone which was capable of inducing growth in hypophysectomized rats, and which was free or nearly free of any other principle of the
anterior pituitary. It was therefore for the first time possible to speak definitely
of a single characteristic growth-promoting substance of the anterior pituitary — a
"growth hormone" — and to associate this activity with a purified protein.
^Professor of Biochemistry, Emory University, Georgia.
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Some years later, Wilhelmi, Fishman and RusselF described a much improved
method for the preparation of bovine growth hormone, resulting in greatly increased
yields, and allowing for the first time really extended experimental studies with this
hitherto scarce material. In the ten years since then there have been additional
notable improvements in method, particularly by Li° and by L i and Papkoff. These
methods, in general, follow the relatively mild procedures of protein isolation: extraction with dilute aqueous solvents, adjustment of hydrogen ion concentration
("iso-electric" precipitation), salting out, precipitation with ethanol at low temperature,
and, most recently, partial purification on columns of ion-exchange resins' ". A more
radical method is that of Raben and Westermeyer", which makes use of a by-product
of A C T H production by the method of Astwood et al". In this procedure, acetonedried hog pituitary glands are extracted in glacial acetic acid at 70° C. The warm
extract is partly clarified by the addition of acetone and aqueous sodium chloride,
and active material is thereafter precipitated out of this solution with ether. The
precipitate is dissolved in dilute acetic acid and the ACTH is adsorbed onto oxidized
cellulose. The effluent from this adsorption contains growth hormone, which is
recovered by adjusting the pH of the acetic acid solution to 8.5, removing a large
inert precipitate, and then precipitating an active but still crude growth promoting
preparation by adding ethanol to a concentration of about 50 per cent. Using this
procedure Raben has made growth hormone preparations not only from pig pituitaries
but also from those of monkeys and humans". A l l of these procedures have been
applied to the pituitary glands of a variety of species, so that there have now been
prepared purified growth hormones from the pituitaries of man, monkey, pig, ox,
sheep, horse, whale and two species of fish.
The assay of these materials is accomplished mainly by two different methods,
each of which exploits a different property of growth hormone. The hormone
promotes the growth of the skeleton as well as of the soft tissues. In the hypophysectomized rat, it is noted that the proximal epiphyseal plate of the tibia — the
cartilaginous growing center of this long bone — becomes very thin and inactive.
The injection of growth hormone induces a resumption of chondrogenesis, brings
about the thickening of the epiphyseal plate, and awakens the bone-forming cells at
the boundary of this region of the bone to activity. Under appropriate conditions,
it can be shown that the thickening of the epiphyseal plate is a linear function of the
logarithm of the dose of growth hormone injected. This forms the basis of a sensitive
and economical assay method. Geschwind" gives a critical account of the method.
The other most widely used assay is one based on the fact that growth is
accompanied by a gain in body weight'". In young (70-100 gm.) hypophysectomized
rats, the daily injection of growth hormone for 10 days is accompanied by a gain
in body weight which is a linear function of the logarithm of the dose of growth
hormone injected. This assay is as sound and reliable as the tibia method, but it takes
longer and it uses more material. Even when several doses of both standard and
unknown are used, the errors of both assays are large.
When bovine growth hormone became readily available in 1948-49, great interest
was aroused in its possible effects in human beings — and great disappointment
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attended its trial: the results of an extensive trial in a variety of patients and normal
subjects were almost uniformly negative. Although a number of explanations for
this lack of effect were put forward, the possibility that a significant species difference
in the hormones might be responsible was most strongly entertained. This possibility
was strengthened by our discovery that purified growth hormone preparations from
two species of fish were inactive in the rat, although they, and bovine growth
hormone as well, were quite active in the hypophysectomized minnow, Fundulus
heteroclitus'^'". More recent work with a variety of the growth hormones that are
now available has indeed shown that a certain "species specificity" exists among the
growth hormones. In Table I the available observations are summarized.
The rat, the common test animal, has been subjected to all of the growth
hormones so far prepared. Dr. Grace Pickford and I , with our preparations of fish
growth hormone, claim the distinction of being the only investigators who have
baffled this versatile animal. The two hormones most widely tested have been the
readily available bovine preparations and the less highly purified porcine preparation
of Raben and Westermeyer. The bovine preparation has been found to be ineffective
in man, and the responses of human subjects to the porcine preparation have also,
on the whole, been negative. There may be some question permissible here, however,
since the porcine growth hormone is far from pure, and its physicochemical properties
are peculiar. It will be recalled that preparations of this kind, administered in the
solutions of dilute acid in which they are readily soluble, were at first reported not
to be diabetogenic in dogs. But Reid", and later, Houssay and Rodriguez", have
shown that these preparations, administered in alkaline solution, are in fact diabetogenic
in cats and dogs, although less so than the more highly purified bovine growth
hormone. The effect of monkey growth hormone in fish is marked with a question
because, in a single experiment in the Spring of 1958, Dr. Grace Pickford, working
with a preparation made in our laboratory which was equipotent with our bovine
standard and which Dr. Ernest Knobil had found was quite active in the hypophysectomized monkey, observed that the hypophysectomized minnow failed to respond
to it at all well. (Since the time of the lecture, this observation has been repeated
with two other preparations of monkey growth hormone and one of human growth
hormone, with the same result: a much smaller response than that induced by equal
doses of bovine growth hormone.) Another odd twist to the story of the interspecies
responses to the growth hormones therefore appears to be in the making. The monkey,
as another primate than man, fails to respond either to bovine growth hormone or
to porcine growth hormone, as has been shown by Dr. Ernest Knobil and his colleagues
at Harvard". The Table reveals many points at which observations are lacking. There
is still much to be done in the way of comparative studies of the biological responses
to the growth hormones, not only in terms of "all or nothing" effects, as in the
primates, but in terms of the relative responses of different test animals, in respect
both to growth and to other metabolic changes, to a variety of the growth hormones.
For some time, I have taken a stubborn (one might, unforgivably say "pigheaded") view that the case for an absence of effect of the porcine growth hormone
in man or other primates may be judged "not proven." For this reason we have
spent much time in our laboratory attempting to purify the porcine growth hormone
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from the oxycel filtrate which is a plentiful by-product of the commercial production
of ACTH. In this work, we have been generously provided with starting material
by Dr. C. E. Graham of Wilson Laboratories. Recently it has been possible to
advance to a very high degree of purification of the hormone by a relatively simple
procedure. The original filtrate, which is about a 2 percent solution of protein in
approximately 0.1 N acetic acid, is cleared of a large amount of inert material by
adjusting the solution first to pH 8.5 and then to p H 5.0, and removing the large
precipitates that come down at these stages. Nearly three-fourths of the nitrogen is
removed at a cost of about 20 percent of the initial activity, largely by entrainment
of fluid in the bulky precipitates. The active material can be precipitated quantitatively
by the slow addition of 95 percent ethanol to a final concentration of 30 percent, and
this product may be further purified by dissolving it in water at pH 3.0 and salting
out the active principle at 0.5 M sodium chloride. These stages of the preparation
are summarized in Table I I , in which the potencies at each stage, relative to the bovine
standard, are also given. The situation as presented in the Table is more favorable
than it is in fact. Although the salted out material is highly active, it still contains
much material (possibly partly denatured hormone) which is not soluble in dilute
salt solution at p H 7, and the soluble component is still electrophoretically heterogeneous. It may be purified by careful fractionation with ammonium sulfate at
pH 6.8, after removal of a fraction insoluble in 0.1 M ammonium sulfate at this pH. The
product so obtained is nicely soluble in the physiological pH range, is electrophoretically
homogeneous, and, as we shall see, bears closer similarities to monkey and human
growth hormone, chemically and physicochemically, than any of the other growth
hormones for which data are available.
Since it might be argued that alterations might have taken place in the porcine
growth hormone molecule owing to the relatively violent method of extraction and
partial purification, we have also prepared a purified growth hormone from pig
pituitaries by conventional mild procedures similar to those used in the preparation
of bovine, human and monkey growth hormone. The product, so far as we have
yet been able to determine, is closely similar to that obtained from the oxycel filtrate.
The apparent specificity of the different growth hormones summarized in
Table I leads one to seek for an explanation of this phenomenon in chemical and
physical differences among the purified hormones. This examination has now proceeded through several stages with several growth hormones. In this work, the most
notable contributions by far have come from the laboratory of C. H . L i and his
colleagues at Berkeley, and much of what is said in the following summary is attributable
to the beautiful work of this leading group of investigators^".
The growth hormones so far isolated are all simple proteins — that is, they
appear to contain nothing but amino acids. The nitrogen content in each case
approximates 16 percent, and no one can be distinguished from another on this basis.
At the next stages of chemical study, however, differences begin to appear. The amino
acid compositions of the 6 growth hormones for which data are available differ in
detail, and in some instances these differences are large. The proteins, as very large
polypeptides made up of chains of amino acids joined together by loss of water
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between the carboxyl group of one and the a-amino group of its neighbor, may, if
they are not cyclic, have a "head end", bearing a free carboxyl group, and a "tail end"
bearing a free amino group. By making use of the purified digestive enzyme, carboxypeptidase, it is often possible to split off the amino acid at the head end, and by
appropriate chromatographic methods, to separate and identify it. With luck, the
hydrolysis may proceed to the second and even the third member of the chain, but
this does not seem to happen very often. A chemical attack may also be made on
the head end with hydrazine, to obtain confirmation of the results obtained with the
enzyme. The attack on the tail end of the molecule is made with the compound
dinitrofluorobenzene, which was first applied by Sanger to the analysis of the structure
of insulin. This compound in alkaline solution combines with free amino groups,
splitting out hydrogen fluoride and forming a dinitrophenyl derivative of the amino
acid. This compound has two advantages: it is moderately stable to acid hydrolysis
and it is colored yellow. The end-standing dinitrophenyl amino acid may therefore
be liberated from the protein by acid hydrolysis, separated and identified by paper
chromatography, and measured by means of its color.
In addition to these chemical methods of characterization, it is possible to determine
certain physical characteristics of the protein: its molecular weight, by means of
the ultracentrifuge or of osmotic pressure measurements, and its iso-electric point —
the pH at which the protein carries zero net charge and does not migrate in an
electric field — by means of electrophoretic measurements of the mobility of the
protein in solutions of different pH.
The application of these and other methods to the purified growth hormones has
led already to the establishment of clear-cut differences among them. Some of the
properties of these hormones are summarized in Table I I I . It will be seen that they
fall into three different groups with respect to molecular weight: around 45,000 (ox,
sheep, horse); 39-40,000 (whale); and around 25,000 (human, monkey, pig, fish).
The isoelectric points vary from near neutrality to, for the human hormone, pH 4.9.
So far, the hormone of every species examined has but a single C- terminal group —
phenylalanine. The bovine and ovine hormones are, however, evidently branched
molecules, since each has the same two N - terminal groups, alanine and phenylalanine.
But the hormones of man, monkey, pig and whale have only one N-terminal group —
phenylalanine. They therefore appear to be made up of a single long chain. In the
case of the fish growth hormones the data are uncertain. It has not yet been possible
to obtain sufficiently good preparations to establish the end-groups with certainty.
The amino acid compositions of six of the growth hormones are summarized in
Table IV. Large differences are to be expected because of the differences in molecular weight, but among those of similar molecular weight — human, simian and
porcine — the differences are smaller. The last two columns of the Table, listing
the differences between the human, the bovine and the porcine molecule, help to
emphasize the similarity of the hormone from pig pituitaries to human (and monkey)
growth hormone.
Where does this work go from here? Of course one will wish to establish these
same data for the growth hormones of still other species of animals as these may be
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isolated and sufficiently purified. The nature and number of the amino acids in the
molecules can readily be known, but, except for the head and the tail (or tails), we
know nothing yet of that critical determinant of activity and specificity — the order
of the amino acids. To establish this is a formidable task, since these molecules
contain from 250 to over 400 residues. I f the characteristics of specificty lie in
differences in the signals built into the molecules in the form of different amino acid
sequences, a comprehensive analysis of order may be required to establish the real
meaning of the different behavior of bovine growth hormone in the rat and in man.
A more cheerful outlook arises from the facts that, as Table I shows, such a
wide variety of hormones is observed to be active in the common test animal, the rat,
and that bovine growth hormone is active in the minnow. This suggests that there
may be an active structure common to all the growth hormones and that the species
differences may depend upon the rest of the molecule, which may not " f i t " the active
cellular sites in a given species, or cannot be modified suitably by the test animal.
This hypothesis of the "common core" has been embraced particularly by C. H . L i ,
who has also made a promising attack on the problem. He has shown, for example,
that bovine growth hormone may be hydrolyzed by the purified digestive enzyme,
chymotrypsin, to the extent of about 30 per cent without loss of biological activity.
The ultracentrifugal and electrophoretic patterns of the digested hormone bear no
resemblance to those of the starting material. Simian and human growth hormone
may also be partly digested without loss of activity, but to a significantly smaller
extent, 15 and 10 per cent respectively'". Work is in progress on the purification of
the "active core" of bovine growth hormone, and it is to be hoped that Dr. L i will
soon be able to put this material to the crucial test for activity in human subjects.
Meanwhile, we hope soon to confront our purified porcine growth hormone with
the same critical test in the human subject. The differences noted in Table I V may
prove to be critical. I f so, however, this hormone may still prove to be an excellent
starting material for the search for an active common core.
Table I : Action of growth hormones in different species
Test
Animal
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Mouse
Dog
Cat
Rabbit
Cow
Monkey
Man
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F, fish; W, whale; B, bovine; O, ovine; E, equine; P, porcine; M, monkey; H, human.
O means not observed.
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Table I I : Purification of Pig Growth Hormone
Step

Protein
(gm./liter)

Activity

(%)

Relative
Potency

20.3

100

1/16

.Sil

1/5

Filtrate
Supernate, pH5
30% E t O H

2.2

0.5M. NaCl

0.8

Table I I I :
Species

1/2
60

1/1

Properties of Growth Hormones

Molecular
Weight

Isoelectric
Point

Terminal
Residues
N-

Bovine

46,000

6.85

Ovine

47,400

6.80

C-
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Equine
Porcine
Whale
Simian
Human
Piscine
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Table I V : Amino acid composition of growth hormones
Species
/\mino /\cio
Glutamic
Aspartic
Cystine
Serine
Threonine
Glycine
Alanine
Proline
Valine
Methionine
Leucine/Isoleucine
Phenylalanine
Tyrosine
Lysine
Histidine
Arginine
Tryptophane

Bovine

Ovine

Whale

Pig

50
35
4
22
26
20
31
14
14

59
41
5
2.^
24
21
30
14

54
37
3

36
21
3
18
12
12
21
12
9
6
39
18
9
15
6

7
76
27
12
23
5
26
3

15
9
69
25
12
21
6
27
3

]»

15
19
2S
15
in
7
58
22
12
24
7
211
3

Monkey

-

Numbers are moles of amino acid per mol. of protein.

26
4
20
13
14
14
10
III
4
41
16
9
12
5
14
1

Human
.^6
31
2
20
14
15
11
12
9
6
3.5
14
12
5
1.^
1
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